Purpose Survey questions are commonly used to assess sleep duration because of their low cost and convenience. Responses to these questions correlate moderately with objectively measured sleep duration in nonpregnant individuals, but little is known about the validity of self-reported sleep measures in pregnancy. The aim of the present study was to determine the extent to which self-reported gestational sleep duration assessed by questionnaire predicted objectively measured gestational sleep duration via actigraphy. Methods We analyzed data from 80 mothers enrolled in an ancillary study of Project BABIES, a prospective cohort study of urban, pregnant women. Sleep measurements were collected in midpregnancy and included 7 days of wrist actigraphy, a sleep log, and survey questions about sleep time adapted from the Pittsburgh Sleep Quality Index.
Introduction
Mounting experimental and epidemiologic evidence suggests that among nonpregnant adults and children, short sleep duration is an important and novel risk factor for chronic disease and early mortality [1, 2] . A growing number of investigators have also become interested in examining the influence of sleep deprivation on pregnancy-related health outcomes [3] [4] [5] [6] [7] [8] [9] [10] [11] , as the majority of pregnant women (66 to 94 %) report alterations in sleep, largely influenced by the dramatic hormonal, physiologic, and metabolic changes that accompany this period in a woman's life course [12] .
There are several methods for measuring sleep duration. Objective assessments include polysomnography (PSG) and wrist actigraphy. PSG is considered the "gold standard," providing measures of both sleep and wake times, along with the classification of sleep stages [13] . However, PSG evaluations are labor and cost intensive, often requiring participants to sleep in a laboratory, limiting their usability in studies where the primary focus is solely quantifying sleep time. Wrist actigraphy is now an acceptable alternative objective method to assess sleep duration [14] . Using highly sensitive accelerometers, these devices measure gross motor activity, analyzed to identify sleep periods. When compared to PSG, wrist actigraphy demonstrates a correlation (r) of over 0.8 for sleep duration, including studies of pregnant women [15, 16] . Actigraphy is often preferable for objectively measuring sleep duration because it is unobtrusive, given its similarity to a wristwatch (but with a blank face), ambulatory, and can record for multiple days and nights at a much lower cost than PSG.
Despite the increasing availability and convenience of objective tools to assess sleep duration, the most common method of assessing sleep quantity in epidemiologic studies of pregnant women is through self-report-using one or two survey questions assessing habitual sleep time [3-7, 9-11, 17-19] , such as "During the past month, how many hours of actual sleep do you get at night?" [adapted from the widely used Pittsburgh Sleep Quality Index (PSQI)] [20] . These subjective questions provide a cheaper and less burdensome alternative to objective measures. While responses to these questions typically correlate moderately with objectively measured sleep durations in healthy, nonpregnant individuals (r=0.45) [21] , little is known about the validity of selfreported survey assessments of sleep time in pregnancy.
Sleep often becomes increasingly disturbed as pregnancy progresses, characterized by more restless sleep, frequent nocturnal awakenings, and a decline in total sleep time that promotes intractable fatigue and sleepiness [22, 23] . Thus, pregnant women may be more prone to misreport actual time spent sleeping. Data in fact reveal that those individuals with disturbed sleep (e.g., patients with insomnia) have little agreement between objective and subjective reports of total sleep time [24] . If pregnant women behave similarly, there may be significant associations between self-reported pregnancy-related changes in sleep time and health that are not due to actual sleep duration, or alternatively, true associations may be hidden. A better understanding of the relationship between subjective and objective sleep measures is urgently needed as more investigators explore the implications of sleep duration in pregnancy.
The aim of the present study was to determine the extent to which self-reported sleep duration assessed by questionnaire predicted objectively measured sleep duration via actigraphy in a cohort of urban, pregnant women. We hypothesized that self-reported sleep duration in pregnancy would be longer than objectively measured sleep time, with a lower correlation between the two measures than reported in nonpregnant populations.
Methods
Research subjects were participants in an ancillary study of Project BABIES, a prospective cohort study of urban, lowincome pregnant women designed to examine the relationship between bacterial vaginosis and spontaneous preterm birth. Recruitment began in July 2008 at five universityaffiliated outpatient prenatal care clinics in Philadelphia, as summarized previously [25] . Eligibility criteria included the following: <16 weeks gestation at enrollment, singleton pregnancy, English or Spanish fluency, and current residence in Philadelphia. Ninety percent of women seen at the clinics consented to participate in Project BABIES, with a 5 % refusal rate and a 5 % missed rate. From July 2009 to September 2010, Project BABIES participants aged 18 or older were invited to take part in our ancillary sleep study; 101 of 139 (73 %) agreed to do so. All participants provided written informed consent, and all procedures were in accordance with ethical standards for human experimentation. The institutional review board of Temple University approved the study protocol.
Sleep data were collected in midpregnancy (mean 21 weeks gestation, range 18 to 25 weeks). Participants were asked to wear an actigraph wristwatch (AW-64, Philips Respironics) continuously for 7 days and nights. The actigraph device had an event marker that could be pressed to indicate specific times; participants were asked to press this marker when they got into bed at night and when they exited from bed each morning. Data were transferred via interface to a computer and then analyzed by two trained investigators (S.J.H. and K.W.M.) with the use of Actiware Software version 5.5 (Phillips Respironics). Over this same 7-day period, participants were also asked to keep a daily sleep log, recording their sleep-onset time and sleep-end time. Sleep log records were used to aid in scoring the actigraph data when participants forgot to push their event markers. Questionnaires, administered at the completion of the objective sleep assessment, queried participants about their sleep time over the preceding month using questions adapted from the PSQI ("During the past month, on average, how many hours of actual sleep did you get at night? Hours per weekday? Hours per weekend day? This may be different than the number of hours you spent in bed") [20] .
To determine average nocturnal sleep duration for each participant, we first separately averaged nightly weekday (Sunday through Thursday) and weekend (Friday and Saturday) sleep times derived from actigraphy and questionnaire.
Because we found statistically significant differences when comparing weekend and weekday sleep durations derived from actigraphy (p=0.02), we created a single average nightly objective sleep duration variable to use in our analyses that was weighted by day of the week: 5/7×(average weekday sleep duration)+2/7×(average weekend sleep duration). Using the same formula, we created a variable for average sleep time derived from questionnaire. A similar approach has been used in studies of nonpregnant persons [21] .
We also queried participants about sociodemographics, including maternal age, race/ethnicity, parity, employment status, medical insurance (income proxy), and education. We obtained information from the prenatal medical record about delivery date and used midpregnancy ultrasound to calculate gestation length.
Statistical analysis
Participant characteristics were summarized by means and standard deviations (SD) for continuous variables and by counts and percentages for categorical variables. We examined differences in actigraph-measured and questionnairederived nocturnal sleep duration using paired t tests; level of agreement was assessed using Pearson's correlation coefficients. To assess for systematic bias, we constructed BlandAltman plots that compared objective sleep time to the average difference between measures, treating objective sleep as the gold standard [21, 26] . We used SAS version 9.2 (SAS Institute, Cary, NC) to carry out all analyses.
Results
Of the 101 women enrolled in our ancillary study, we excluded participants from this analysis who had less than two weeknights and one weekend night of actigraphy data (n=15), were missing questionnaire-derived sleep duration (n=3), had implausible self-reports of surveyed sleep time (<3 or >20 h per night, n=2), or delivered twins (n=1), leaving a final sample of 80 participants. The majority of women were African-American (84 %), under 25 years of age (73 %, range 18 to 42 years), and multiparous (54 %). One third of participants did not complete high school (33 %), and few were employed (28 %). All participants received Medicaid.
On average, participants wore the Actiwatch for six nights (range four to seven nights), with nearly two thirds (65 %) wearing the watch for seven full nights. Mean measured sleep duration derived from actigraphy was 6.87 h (SD 0.87), and questionnaire-assessed nocturnal sleep time averaged 7.29 h (SD 1.84). While the difference between measures did not reach statistical significance (p=0.07 for paired samples t test), over half (62 %) of participants reported a habitual average nightly sleep time that differed more than 1 h from their average actigraphically measured sleep duration (39 % overestimated by more than an hour; 23 % underestimated by more than an hour). There was no correlation between measures (r=0.007; 95 % confidence interval −0.21, 0.23).
Examining the Bland-Altman plot ( Fig. 1 ) comparing questionnaire-derived and actigraph-measured sleep duration revealed a systematic bias towards overestimation among shorter sleepers and underestimation in longer sleepers. The mean difference between measures was 1.85 h for mothers sleeping approximately 5 h per night compared to −0.97 h for mothers sleeping more than 8 h per night (p<0.0001).
Discussion
Findings from this study revealed a considerable degree of incongruence between questionnaire-derived and actigraphmeasured sleep durations in pregnancy. We found no correlation between measures. Further, the majority of women had over 1-h discrepancy between self-report and actigraphically measured sleep time. Despite high demand for the use of subjective sleep assessments in large epidemiologic studies of pregnant women, our data indicate that actigraphy is preferable to accurately assess gestational sleep duration, particularly among urban women.
Difficulty estimating sleep duration has been reported in several studies of nonpregnant women and men [21, 24, 27, 28] ; however, our study is one of only a handful to describe the relationship between self-reported and objective measures of sleep duration among pregnant women and the only study that includes an urban, low-income population. Moreover, it is the largest study to date in pregnant women. Bei et al. examined the relationship between sleep and mood in a sample of 44 healthy, low-risk, Australian pregnant and postpartum women using questionnaire and actigraphy [29] . Similar to our findings, linear correlation analyses examining total sleep time showed no significant correlation between subjective and objective measures, with selfreports longer than actigraphy. Tsai et al. also found that nocturnal sleep time was overreported by questionnaire when compared to actigraphy among a sample of 38 welleducated, employed, pregnant Taiwanese women [30] . Further, a recent study comparing a single night of sleep in pregnancy using PSG and questionnaire among a sample of 49 pregnant Australian women found that the two measures were largely discordant in sleep time estimates, consistent with our findings [31] . While we hypothesized that selfreported sleep duration in midpregnancy would be longer than objectively measured sleep time, with a lower correlation between the two measures than reported in nonpregnant populations, our finding of zero correlation between measures is striking. One possible explanation is that pregnant women have greater difficulty estimating their nocturnal sleep time over 30 nights due to a large amount of variability in sleep, arising from the physical discomforts or hormonal changes that occur during pregnancy [12] . Because questionnaire assessments address more global perceptions of sleep, these assessments may be particularly flawed in pregnancy when nocturnal sleep duration varies over a short time period [22] .
It is important to acknowledge that limitations to this study do exist. Our cohort was comprised of a relatively homogenous sample of low-income, urban mothers, and thus, our findings may not be generalizable to other populations of pregnant women. However, three other studies with very different populations than ours revealed similar findings [29] [30] [31] . We also may have introduced some error by comparing an average of six nights of actigraphy to questionnaire-derived sleep over 30 days. Because we asked women to self-report habitual sleep immediately after completing their actigraph assessment of sleep, we suspect that most women recalled their most recent nocturnal sleep time, which should have minimized bias. Additionally, the actigraphy measure itself could be a contributing factor to the bias we found, as we did not include an internal validation of actigraphy among pregnant women in our sample.
However, sleep duration from actigraphy is well correlated with PSG [15, 16] , and studies examining bias have revealed that actigraphy more commonly overestimates sleep duration [32] .
These findings have important implications for studies of sleep duration in diverse samples of pregnant women. Given the absence of a correlation between questionnaire-derived and actigraph-measured sleep time, and the fact that the majority of women in our sample had over 1-h discrepancy between measures, relying on questionnaire-derived reports of sleep duration may lead to spurious associations in studies of sleep and health outcomes in pregnancy.
